This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. Abstract Objective: This study aimed to investigate the clinical significance of Krebs von den Lungen-6 (KL-6) serum levels in patients with anti-MDA5 antibody-positive dermatomyositis (anti-MDA5 + DM) having interstitial lung disease (ILD), especially in the amyopathic DM phenotype. Methods: The serum KL-6 level was measured using a chemiluminescence enzyme immunoassay (CLEIA) in patients with anti-MDA5 + DM, including clinically amyopathic dermatomyositis (CADM)-ILD and classic DM-ILD, and healthy donors. The baseline and post-treatment serum KL-6 levels were determined in 39 patients with CADM-ILD who experienced remission or acute exacerbation. The association between laboratory findings, high-resolution computed tomography (HRCT) scores, pulmonary function tests (PFTs), and the predictive value of baseline KL-6 level for death was analyzed. Results: The serum KL-6 levels were significantly higher in patients with CADM-ILD (1339 ± 1329 U/mL) compared with DM-ILD (642.3 ± 498.4 U/mL) and healthy donors (162.4 ± 54.01 U/mL). The KL-6 levels correlated positively with chest HRCT scores, serum lactate dehydrogenase, serum ferritin levels, and PFTs, but not with erythrocyte sedimentation rate. During follow-up, the post-treatment serum KL-6 levels significantly reduced in the remission/stable group, but increased in the acute exacerbation group. Higher levels of ferritin and KL-6 and HRCT scores were independently associated with poor prognosis. The 1-year survival rate was significantly lower in patients with high KL-6 level than in those with low KL-6 level.
| INTRODUC TI ON
Inflammatory myopathies (IIM) are a heterogeneous group of disorders. They are classified into four subtypes: dermatomyositis (DM), polymyositis (PM), necrotizing autoimmune myositis (NAM), and inclusion-body myositis (IBM). 1 An intriguing study has recently reported on the histopathologic, immunopathologic, and gene expression differences in muscle biopsy tissue from adult patients with DM with and without circulating anti-MDA5 antibody (Ab). 2 Anti-MDA5 + DM, as an emerging entity with a variable clinical presentation, is drawing much more attention. Anti-MDA5 Ab was originally identified in patients with clinically amyopathic dermatomyositis (CADM) having an increased risk for potentially fatal, rapidly progressive interstitial lung disease (RPILD). CADM, as a unique phenotype of IIM, is defined as having cutaneous manifestations typical of DM, such as heliotrope rashes and Gottron's papules, but without clinically significant muscle involvement. 1 Over the years, CADM has become a well-recognized clinical entity despite its relative rareness and high mortality. 3 Interstitial lung disease is the most common internal organ involvement affecting the prognosis of patients with anti-MDA5 + DM. 4 Pulmonary involvement in the form of ILD is associated with increased mortality, but ranges from subclinical to rapidly progressive and fatal. 5 Patients with CADM having anti-MDA5 Ab are at high risk of developing RPILD. 4, 5 CADM-RPILD is often refractory to intensive therapy, such as high-dose corticosteroids and immunosuppressive agents, resulting in respiratory failure with a 6-month survival rate of 40.8%-54.5%, which is notably lower than that for classic DM-ILD. 4, 5 This might be because of the higher prevalence of acute subtype of ILD in patients with CADM. 4 Another main reason for this poor outcome is that a large number of patients who progress rapidly have atypical clinical manifestations and biomarkers at initial diagnosis. Anti-MDA5 Ab, an important tool for supporting initial diagnosis, has been demonstrated to strongly correlate with the risk of developing RPILD in East Asian adults. 6 Nevertheless, their clinical utility still needs to be investigated. 7 In clinical practice, not all patients with anti-MDA5 + DM develop RPILD. The presence of anti-MDA5 Ab is associated with higher mortality in the acute phase of CADM-ILD, but not in the chronic phase. 8 Moreover, the autoantibody does not significantly differ between survivors and deceased patients, indicating that it is not an absolute prognostic indicator. 9 Thus, developing additional biomarkers for predicting disease outcome in patients with anti-MDA5 + DM is essential, especially CADM to improve disease management.
Krebs von den Lungen-6 (KL-6) is a mucin-like glycoprotein expressed predominantly on type II alveolar pneumocytes and bronchiolar epithelial cells. Recently, circulating KL-6 is shown to be a sensitive marker of the activity of various types of ILD. 10, 11 Emerging evidence has demonstrated that KL-6 levels correlate with high-resolution computed tomography (HRCT) findings, pulmonary function test (PFT), and some clinical parameters in connective tissue disease (CTD)-ILDs, thus reflecting the severity of CTD-ILD. 12 The poor prognosis of PM/DM-ILD also has a positive correlation with serum KL-6 levels. [12] [13] [14] PM/DM is a highly heterogeneous group of diseases, and anti-MDA5 + DM is a unique subtype closely related to ILD, especially RPILD. Identifying the key biomarkers to guide clinical judgment remains a challenging task. Limited studies have been published on the clinical significance of serum KL-6 levels in anti-MDA5 + DM-ILD. The purpose of the present study was to investigate whether these levels would serve as a useful prognostic marker in anti-MDA5 + DM-ILD.
| MATERIAL S AND ME THODS

| Study population and protocol
The study included 68 patients with CADM-ILD, 60 patients with classic DM-ILD, and 48 healthy controls from February 2015 to 2018 at the Department of Rheumatology, Renji Hospital, Shanghai, China.
CADM and classic DM were diagnosed according to Sontheimer's and Bohan and Peter's criteria, respectively. [15] [16] [17] ILD was assessed for pulmonary symptoms, such as cough, production of sputum, dyspnea, pleurisy, hemoptysis, and the findings of HRCT and PFT.
Patients were considered to have ILD when they showed HRCT findings compatible with ILD (nodular, reticulonodular, linear or groundglass opacities; consolidations; irregular interface; honeycombing; or traction bronchiectasis). No evidence of heart failure was found in both clinical and echocardiographic examinations associated with the onset of ILD in any of the patients. Cultures of sputum, blood, and urine were examined for bacteria and fungi, and were found to be negative in all patients. Age, sex, diagnosis, medical and past history, duration of disease, and treatment regimen of patients were recorded. HRCT was performed using a LightSpeed CT750 HD scanner (GE Healthcare) to image 1.0-to 1.5-mm sections at 10-mm intervals during the end inspiration from the lung apices to the bases. The lung function parameters were recorded (MasterScreen Pneumo, Jaeger-Toennies), including forced vital capacity (FVC), diffusing capacity of the lung carbon monoxide (DLCO), total lung capacity (TLC), and ratio of forced expiratory volume in 1 second to FVC (FEV1/FVC).
Healthy volunteers with no known diseases were used as controls.
All the patients' samples were collected at baseline, and the patients with CADM-ILD were followed up after treatment. Thirty-nine of sixty-eight patients donated blood for further analysis to evaluate KL-6 levels after treatment. The whole protocol is summarized in 
| Definition of the remission and exacerbation groups
During the follow-up period, 39 patients with CADM-ILD were assigned to either the remission/stable group or the exacerbation group 
| HRCT scoring system
The HRCT examinations were performed within 5 days (median, 3 days; range, 0-5 days) after the onset of symptoms. The HRCT scores were graded on a scale of 1 to 6 based on the classification method. 19 The images were reviewed in a random order by two radiologists with 12 and 18 years of experience. They were not informed about the diagnosis or clinical course of the patients.
| Measurement of KL-6 level
Peripheral blood samples were collected from patients at the time of diagnosis and after treatment, and then centrifuged at 500 g for 10 minutes. Separated serum samples were stored at −80°C for KL-6 quantification. All sample assays were performed at the same time. The serum KL-6 level was measured by chemiluminescence enzyme immunoassay (CLEIA) using a KL-6 antibody kit (LUMIPULSE G1200, Fujirebio) according to the manufacturer's protocol.
| Measurement of anti-MDA5 antibody
The anti-MDA5 antibody was measured by the enzyme-linked immunosorbent assay using recombinant MDA5 antigen (rMDA5) in Dr Kuwana's laboratory. 20 In brief, 96-well plates were coated with purified rMDA5 (0.5 μg/mL) at 4°C overnight, followed by incubation with patients' serum diluted at 1:250. Optical absorbance was read at 450 nm in a microplate reader. The cutoff level was 8.0 U/mL.
| Statistical analysis
Data were analyzed using the GraphPad Prism 6.0 statistical software (GraphPad). Descriptive statistics were presented as mean ± stand- 
| RE SULTS
| Characteristics of the study population
A total of 68 patients diagnosed with CADM-ILD (mean age ± SD, 50.02 ± 9.34 years; female/male ratio, 51/17), 60 patients with classic DM-ILD (mean age ± SD, 54.57 ± 15.2 years; female/male, 39/21), and 48 healthy controls (mean age ± SD, 41.5 ± 8.9 years; female/male, 28/20) were included in the study. Age, gender, disease duration, laboratory data, HRCT score, and therapy for all patients are summarized in Table 1 . The results demonstrated statistically significant differences among the groups with regard to CK and lactate dehydrogenase (LDH). The HRCT score was higher in CADM than in classic DM, but the differences were not significant. Also, no significant differences in age, gender ratio, disease duration, therapy, ferritin, and other laboratory data were observed among the groups.
| Baseline serum levels of KL-6 in patients with anti-MDA5 + DM
The serum KL-6 levels were significantly higher in patients with CADM-ILD than in those with classic DM-ILD (1339 ± 1329 U/ mL vs 642.3 ± 498.4 U/mL, P = .0002) and healthy controls (162.4 ± 54.01 U/mL, P < .0001; Figure 2A ). F I G U R E 1 Schematic of the study design. Patients with CADM and classic DM who fulfilled Sontheimer's and Bohan and Peter's criteria, respectively, were enrolled in the study. Patients with CADM-ILD were followed up after treatment, whose clinical and laboratory data were both collected at baseline and after treatment. Among them, thirty-nine patients consented to donate blood for further analysis, whose samples were collected before and after treatment
| Changes in serum KL-6 levels in response to therapy in the exacerbation and remission/stable groups of patients with anti-MDA5 + CADM
The present study focused on patients with CADM-ILD because of their high mortality. The patients with CADM were followed up to December 31, 2018. The median follow-up time was 23.6 months.
During the follow-up period, the KL-6 levels significantly increased from 2420 ± 2239 to 3262 ± 2124 U/mL (P = .048; Figure 2B ) in the exacerbation group (n = 19) suffering from AE-IP, but decreased from 1156 ± 624.7 to 734.5 ± 331.8 U/mL (P = .0010) in the remission/stable group (n = 20). A significant difference was observed both at baseline and after treatment between the two groups (P = .0219, P < .0001, respectively). KL-6 levels demonstrated significant differences between the remission/stable and exacerbation groups in the follow-up period (P = .0219). A significant difference was found at the baseline between the two groups (P < .0001; Figure 2B ). This suggested that the serum KL-6 level could serve as a sensitive marker for predicting and evaluating CADM disease severity and response to treatment.
| Correlation of serum KL-6 levels with laboratory findings, HRCT scores, and PFTs
Previous studies demonstrated that ferritin and HRCT scores closely correlated with 1-year survival rates. 21 In the present study, the KL-6 levels showed a moderate positive correlation with (25) .097
Note Figure 4D ).
| Predictive value of KL-6 for death in the early stage of anti-MDA5 + DM
During the follow-up period, 18 patients died from respiratory failure. All these patients received aggressive and systemic immuno- Table 2) . KL-6, ferritin, and HRCT score were found to be independent risk factors for mortality. In brief, higher baseline KL-6, ferritin level, and HRCT score predicted poor prognosis. Accordingly, the ROC analysis revealed that a cutoff level for survival was calculated as 792 U/mL, showing the best sensitivity (75%) and specificity (54.5%); the area under the curve (AUC) value was 0.685. Interestingly, when KL-6 and ferritin/HRCT score were combined, the AUC value reached 0.911 ( Figure 5A ). This meant that the combined predictive value of KL-6 and ferritin/HRCT score might be higher than that of KL-6 alone.
Finally, patients were classified as low and high KL-6 level groups based on the cutoff level of 792 U/mL. The Kaplan-Meier survival curve showed that the patients with higher serum KL-6 had significantly lower survival rates than those with lower serum KL-6 (66.7% vs 90%, log-rank test, P = .0274) ( Figure 5B ).
| D ISCUSS I ON
This study was novel in investigating the KL-6 levels in patients The increased KL-6 levels are derived from damaged or regenerating type II alveolar epithelial cells in the lower respiratory tract and may trigger transforming growth factor-β (TGF-β) signaling and fibrosis, which in turn reflects lung damage. 22 Changes in serum KL-6 concentration may reflect the state of lung tissues in various inflammatory ILDs. 13 Although surfactant protein (SP)-A, SP-D, monocyte chemoattractant protein-1 (MCP-1), matrix metalloproteinase-7, and CCL-18 have been reported as biomarkers of ILD, KL-6 was identified as the most effective. 22 KL-6 has a putative role in the pathophysiology of ILD because it acts as a chemoattractant for fibroblasts. 23 Hence, it was concluded that CADM-ILD might be associated with more severe lung damage than classic DM-ILD. This explained the higher mortality of patients with CADM-ILD.
The findings of this study were consistent with those of previous studies. The clinical features of classic DM-ILD and CADM-ILD were compared in a Japanese retrospective study. KL-6 was higher in patients with CADM-ILD (1460 ± 1200 U/mL) than in those with DM-ILD (978 ± 485 U/mL). 4 13 However, a follow-up study was not conducted nor an in-depth analysis of its predictive value was made. Therefore, the present study just filled the gap.
Because the KL-6 level may be affected by various lung conditions, the appropriate cutoff value for a specific condition needs to be drawn based on a comparison with adequate control. 12 Serum KL-6 concentrations lower than 275.1 U/mL indicated the absence of ILD. 12 In patients with cancer, 500 U/mL was reported as a cutoff value for diagnosing ILD. 25 Lee et al 12 reported that the corresponding patients with CTD and without ILD had a mean serum KL-6 level of 256 U/mL, and those with grade 1 ILD had a mean serum KL-6 level of 414 U/mL after adjusting for age, sex, and type of CTD. In a previous study, patients with IPF having initial KL-6 level of 1000 U/mL had a poor prognosis. 26, 27 Compared with patients with initial KL-6 <1000 U/mL, those with initial KL-6 ≥1000 U/mL tended to have a higher frequency of acute exacerbation. 26 In the present study, the ROC curves supported an initial KL-6 level of 792 U/mL as the optimal cutoff point for discriminating between survivors and nonsurvivors during the follow-up observation. The result was in accordance with the previous study. Indeed, KL-6 was able to predict the progression of IIM-ILD. 28 These findings suggested that initial serum KL-6 levels helped predict anti-MDA5 + CADM-ILD progression.
KL-6 level has previously been used to measure disease severity. In the present study, not only HRCT score and ferritin but also LDH positively correlated with KL-6 level. LDH may reflect lung cell damage, although cell destruction in other organs, such as liver and muscle, may also influence LDH levels. 29 Similarly, Yokoyama et al found using univariate analysis that LDH and KL-6 levels significantly correlated with prognosis in IPF, but multivariate analysis revealed only KL-6 as a predictor of prognosis. 26 Besides, KL-6 may have a substantial role in evaluating ILD among patients with CTD, including those with IIM. 12 First, considering the cost-effectiveness and radiation hazard, KL-6 measurement by simple blood test would be a good alternative to chest HRCT for evaluating the current status of ILD in rheumatology clinics. 12 Second, serial measurement of KL-6 level can be a monitoring method for the exacerbation of ILD. Chest HRCT can provide objective evidence of exacerbation with overt clinical symptoms, but the optimal time interval between CT scans in asymptomatic patients with ILD was difficult to determine. Hu et al 30 reported that the post-treatment serum KL-6 levels significantly reduced in patients with improved ILD, but markedly increased in patients with exacerbated ILD. In this study, KL-6 levels decreased in the exacerbation group after F I G U R E 5 (A) Prognostic analysis for patients with CADM-ILD. ROC curves for predicting CADM-ILD were generated, and the corresponding AUC values were calculated. The cutoff value for serum KL-6 was also obtained. (B) The Kaplan-Meier survival curve showed the survival rate according to initial the KL-6 level. Relative to those with initial serum KL-6 <792 U/mL, patients with initial serum level KL-6 ≥792 U/mL showed a significantly shorter 1-y survival rate (66.7% vs 90%, P = .0274). Comparisons were performed using the log-rank test treatment, but increased in the remission/stable group. Elevated KL-6 levels could indicate the possibility of ILD, helping to predict outcomes and evaluate treatment efficacy. A recent study reported a patient with anti-MDA5 + CADM-ILD successfully treated with aggressive immunotherapy and followed up using lung ultrasound and KL-6. 31 This indicated that the combined use of lung ultrasound and KL-6 might be a safe, helpful way for the assessment and follow-up of ILD. 31 The ROC curves in this study supported that AUC was better when KL-6 was combined with ferritin or HRCT score compared with KL-6 alone. The combined use of the three indicators improved the sensitivity for anti-MDA5 + CADM-ILD. Regular, such as yearly, chest HRCT combined with more frequent KL-6 measurements can be an ideal protocol for the surveillance of exacerbated anti-MDA5 + DM-ILD. 12 However, more accurate data for disease prediction might require a study involving a prospective cohort.
This study had several limitations. First, the existence of patients with CADM is now widely accepted, but formally validated inclusion criteria are still lacking. Sontheimer's criteria were used in this study, which are often cited. 32 Second, the study was limited by the small sample size because CADM is rare. In a population-based study, the overall incidence of CADM was 2.08 per 1 000 000. 33 Third, a total of 68 patients were included in the observation, and actually, they were all followed up. However, 39 patients consented to donate blood for further analysis, whereas we did not obtain consents from the other 29 patients, who were unwilling to be drawn blood because of nonmedical reasons. Large scale study is indeed needed. Finally, the retrospective design and the inclusion of patients from a single center might have caused potential selection bias. These limitations might have introduced an ascertainment bias that affected the results.
| CON CLUS IONS
In summary, the KL-6 level in the serum appears to be a promising, clinically applicable marker for predicting and evaluating ILD in Chinese patients with anti-MDA5 + DM, and serial KL-6 measurements may be useful for assessing prognosis. A large-size clinical study is warranted to verify the results.
ACK N OWLED G M ENTS
The authors thank Nicholas Rufaut, PhD, from Liwen Bianji, Edanz
Editing China (www.liwen bianji.cn/ac) for editing the English version of a draft of this manuscript.
CO N FLI C T O F I NTE R E S T
The authors declare no competing interests.
AUTH O R S' CO NTR I B UTI O N S
YanYe carried out the CLEIA experiment, analyzed the data, and drafted the manuscript. Ran Wang collected the clinical data and serum samples. Qiong Fu and Qiang Guo participated in the design of the study and revised the manuscript. Chunde Bao conceived the study, designed and participated in experiments, helped with coordination, analyzed data, and drafted, edited, and revised the manuscript. All authors read and approved the final manuscript.
E TH I C A L A PPROVA L
The study was approved by the Ethics Committee of Renji Hospital, Shanghai, China (ID: 2013-126). Informed consent was obtained from all the study participants.
DATA AVA I L A B I L I T Y
Data used in this study can be obtained from the author on request.
O RCI D
Chunde Bao https://orcid.org/0000-0001-6223-9699
